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On the Texas High Plains, water from the Ogallala aquifer is used to supplement 
irrigation requirements, since annual rainfall is below 20.5 in/ year.  This study addresses land 
and water demand by testing the effects of water costs, crop prices, and technology on water use 
and crop production acreages.  
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Introduction 
In recent years, the future of water resources has become a growing concern for 
agricultural water users across the Texas High Plains (THP).  More than 90 percent of all 
irrigation water  is supplied by groundwater resources for the region (Texas Water Development 
Board 2009).  Mullen, Yu, and Hoogenboom (2009) reported that 45 to 80 percent of pumping 
from the Ogallala aquifer is for irrigation water.  Limited surface water supplies, increased 
pumping costs, and a growing concern over declining groundwater levels are identified as key 
economic and environmental challenges facing the High Plains region.    
 As a dominant regional consumer of groundwater, irrigated agriculture in the THP 
encounters several signals of water scarcity, including decreased well yields, higher pumping 
costs due to increasing lift, and water quantity constraints imposed by irrigation districts on 
annual extraction levels.  Corn, cotton, wheat, grain sorghum, and soybeans are the major crops 
grown in this semi-arid region, where all rely on irrigation for increased yields and net returns 
(Segarra and Feng 1994).  Some cotton, sorghum, and wheat are also produced dryland, 
however.  Recent changes in the National Bioenergy Policy with subsidies for ethanol also 
encourage corn plantings across the country (Energy Independence and Security Act 2007).  In 
THP, corn acres remained almost constant from 2001 to 2005, but increased by approximately 45 
percent from 2005 to 2009 (National Agricultural Statistics Service 2009b).  Corn requires 22 to 
25 inches of irrigation water during the growing season on the THP.  Sorghum, soybeans, and 
wheat require only 16 to 21 inches during their growing periods (Rogers and Sothers 1996).  
Increased production of such input intensive crops contributes to additional pressure on limited 
water supplies.   
Considering the amount of irrigation water needs met by groundwater in the THP, it is 
hypothesized that agricultural water use in this region is sensitive to the variable costs of 2 
 
irrigation, i.e., hereafter referred to as “water price.”  Moreover, the variable irrigation costs in 
this region are mostly limited to pumping costs as most of the water is used onsite.  Tsur (2005) 
found that irrigation decisions depend not only on the type of crop grown, soil conditions and 
precipitation, but also on the costs associated with water application.    
There are several studies that have estimated the price elasticity of demand for irrigation 
water.  Howitt, Watson, and Adams (1980), Nieswiadomy (1988), and Ogg and Gollehon (1989) 
have shown a negative relationship exists between water use and water price.  The goal of this 
study is to develop and apply an econometric analysis to examine the expected effect of water 
pumping costs on water use and crop choice in the THP region.   
 
Model 
This research applies a multi-output production model developed by Moore and Negri 
(1992) to THP production data.  This model is used to demonstrate the optimal or efficient 
allocation of fixed inputs in multi-output production.  In this case, a multi-output profit function 
is developed with land and groundwater as fixed allocatable inputs.  Individual producers choose 
a profit-maximizing allocation of groundwater and land, subject to total land and water 
constraints.  Hence, a multi-crop profit function that maximizes the sum of a crop-specific profit 
function is developed, with variables such as crop price, net revenue, water price, total irrigated 
acres, and a vector of exogenous variables. 
Water price is typically viewed as a mechanism to improve allocation efficiency; 
however, these prices are rarely set in a market (Gollehon and Quinby 2006).  Hence, access to 
such prices is rare.  However, in the context of this study, expenditures for irrigation water, 
mainly reflecting energy costs for pumping groundwater, are deemed a reasonable proxy for 
water price.  In the THP, energy costs for pumping groundwater represent a significant portion of 
the variable costs for crop production and vary with different pumping characteristics.  That is, 
pumping costs are a function of energy type, energy price, and lift (Rogers and Alam 2006).  
Hence, cost of groundwater pumping is used as a proxy variable for water price changes 
(Gonzalez-Alvarez, Keeler, and Mullen 2006).  Water demand and optimal land allocation 
functions for each crop that is linear in the exogenous variables are estimated through application 
of Hotelling lemma on the quadratic profit function (Mas-Collel, Whinston, and Green 1995).  3 
 
The land allocation decision model adopted in this paper is a linear function consisting of 
explanatory variables that include water price, crop price, total irrigated acres, other input prices, 
and a precipitation variable.  The function uses data from the THP from 1999 to 2009 (National 
Agricultural Statistics Service 2009b).  Land is assumed to be a fixed input and the producers 
make a crop choice conditioned on the input and output prices.  This relationship is expressed as: 
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where, 
  : number of irrigated acres planted to crop i; 
   : coefficients on the parameters;  
m: number of crops grown;  
z: number of inputs other than water; 
pj: price of crop j; 
rv: cost of input v; 
b: water price; 
N: total irrigated acres; and 
x: precipitation. 
 
The land allocation function is estimated as a Tobit model.  A Tobit model specification 
imposes an upper bound such that the predicted values do not exceed the total available land 
(Schoengold, Sunding, and Moreno 2006).  The resulting model estimates represent the effect of 
each of the variables on the crop choice decision. 
A reduced form model of a water demand function is applied to estimate water demand 
as a function of water price, land use, and other production characteristics.  Water demand 
elasticities with respect to the price of water and the price of crop are also estimated.  These 
elasticities can be used to design policies that induce a producer to plant crops characterized by 
using less water or to improve irrigation technology for increased efficiency, so that water losses 
due to drift, seepage, runoff, etc are reduced or minimized.  Studies have verified that an increase 
in the price of water leads to the adoption of improved and more efficient irrigation systems 
(Caswell and Zilberman 1986; Green et al. 1996), consequently reducing the amount of water 4 
 
applied to crops (Schoengold, Sunding, and Moreno 2006) and eventually extending the life of 
the aquifer. 
The water demand equation used is also a linear function of water price, crop price, 
irrigated acres, other input prices, and a precipitation variable.  The water demand function is 
estimated as a Heckman model.  The water demand function is represented as: 
 
       
    ∑   
   
            
        
       
        
    ;        (2) 
 
where, 
             : water applied for crop i; 
                :  coefficient on the parameters; 
z: number of inputs other than water; 
rv: cost of input v; 
pi: price of crop i; 
b: water price; 




As a result of not being able to timely access primary objective data required for the 
above-noted methodology, pseudo time-series subjective data are used in regards to the THP 
region’s 1999-2009 major irrigated crops, i.e., corn, soybeans, sorghum, wheat, and cotton.  Data 
on yield, crop price, irrigation amounts, water cost, and input prices are obtained from the Texas 
AgriLife Extension crop and livestock budgets (Texas AgriLife Extension Service 1999-2009) 
and the data on annual irrigated acres and crop prices are obtained from the National Agricultural 
Statistics Service (2009a).  Additionally, an environmental variable (i.e., precipitation) is 
included to assist in part, to explain the farmer’s crop choice and land allocation decision.  
Precipitation data for the High Plains is obtained from the High Plains Underground Water 
Conservation District website (High Plains Underground Water Conservation District 2010).  
Presented in Table 1 are the descriptive statistics for the individual crop variables. 
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Table1 Descriptive Statistics of Crop Level Variables, Texas High Plains Region Major Field Crops, 
1999-2009. 
Variable  Corn  Soybeans  Sorghum  Wheat  Cotton 
Log irrigated acres  13.49 (0.16)  10.32 (0.74)  12.43 (0.26)  13.52 (0.11)  13.34 (0.22) 
Water applied (ac-in)  21.18 (1.32)  13.54 (0.82)  13.36 (0.92)  15.00 (0.63)  12.00 (0.63) 
Yield (bu)  206.81 (7.83)  53.63 (5.04)  126.63 (3.64)  65.00 (0.63)  24.90 (5.10) 
Crop price ($/bu)  3.36 (0.80)  5.81 (1.99)  4.81 (1.72)  3.90 (1.30)  17.63 (1.28) 
Mean and standard deviation, with the latter in parentheses. 
Source: Texas AgriLife Extension Service, 1999 - 2009.   
 
Results 
Results of the Tobit land allocation models are presented in Table 2.  These results 
indicate that the water price has a negative effect on the land allocation decision, significant at 
five percent level, for corn and soybeans, and no significant effect for sorghum, wheat, and 
cotton.  These results can be attributed to an increase in water price that provides an incentive for 
farmers to shift to less water-intensive crops, moving away from corn and soybeans.  Other 
substitution effects include the apparent influence of crop price.  Crop price appears to have a 
significant positive effect on corn and soybeans acreages.  The variables crop price and crop 
revenue are suspected to be correlated.  However, crop revenue is included to capture the effect 
of input costs, mainly irrigation pumping costs.  The bioenergy emphasis may be impacting corn 
and soybeans prices.  The coefficients for other crops’ prices are insignificant. 
Interestingly, increases in total irrigated acres tend to be associated with expansion of 
soybeans and sorghum acres.  This phenomenon is perhaps supported due to limited groundwater 
supplies and increasing costs to pump water from greater depths, coupled with producers’ 
tendency to maximize net returns per limited unit of water.  The increase in irrigated acres is 
apparent in the less water-intensive crop sorghum compared to high water use crops such as 
corn.  The soybeans acreage increase is a challenge to explain.  The precipitation variable was 
insignificant for all crop acreages.  Annual precipitation values that were used indicate that 
precipitation is highly variable in the region.  Moreover, cropping patterns are selected without 
serious consideration of the outlook for precipitation, which explains the insignificant effect.  
The likelihood ratio chi-square values and their associated p-values indicate that the model 
performs better than an empty model, i.e., a model with no predictors. 
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Table 2 Tobit Regression Results for Land Allocation Models, Texas High Plains Region Major Field 
Crops, 1999-2009. 
Variable  Corn  Soybeans  Sorghum  Wheat  Cotton 




























































           










Standard errors in parentheses, * denotes significance at the five percent level 
# p-values in parentheses 
 
Presented in Table 3 are the elasticity estimates of land allocation with respect to crop 
price and water price for each crop.  These estimates indicate the percent change in crop land 
allocation for a one percent change in crop price and, similarly, for a one percent change in water 
price.  For example, a one percent positive (negative) change in crop price leads to a 0.05 percent 
positive (negative) change in corn acres.  The estimates for the other variables can be interpreted 
in a similar fashion.  Corn and soybeans have significant positive elasticities with respect to crop 
price and significant negative elasticities with respect to water price.  These results support basic 
economic intuition that an increase in crop price for corn and soybeans leads to an increases in 
crop acreages of these crops.  Similarly, a one percent increase in water price causes a decrease 
in land allocation percentage to corn and soybeans.  Model results for all other crops were 








Table 3 Elasticity by Crop for Tobit Models, Texas High Plains Region Major Field Crops, 1999-2009. 
Crop  Land allocation elasticity with respect to 
  Crop price  Water price 
Corn  0.055**  -0.024* 
Soybeans  0.143*  -0.147** 
Sorghum  -0.331  0.019 
Wheat  -0.115  0.010 
Cotton  0.018  -0.015 
*and ** indicate significance at five and one percent levels, respectively.  
 
The results for the regional water demand are presented in Table 4.  The main parameters 
of interest in this case are the crop price and water price.  Water price has the expected negative 
effect on water demand for corn and soybeans.  The reduced water demand due to increased 
water price can be attributed to simply using less water as well as perhaps adoption of improved 
water application techniques (e.g., equipment and management strategies).  More efficient 
application of irrigation water can reduce input costs and contribute to increased crop returns.  
Precision application of irrigation water is reported to increase yields, further complicating 
interpretation of the results.  The estimated coefficients on water demand for other crops are very 
low and not significant.  Crop price exhibits a significant positive relationship with corn and 
soybeans.  The positive significant effect can be attributed to increased acreage under these 
crops.  The negative signs on the crop price parameter for sorghum and wheat are not significant.  
Adjusted R-square values and the associated f-values are also presented in the table. 
Table 4: Water Demand Equation Estimates, Texas High Plains Region Major Field Crops, 1999-2009. 
Variable  Corn  Soybeans  Sorghum  Wheat  Cotton 




























































Standard errors in parentheses, *significance at five percent level 
#f-values in parentheses 8 
 
The water demand elasticities with respect to crop and water prices are presented in Table 
5.  Increase in water price has a significant negative effect for soybeans and are insignificant for 
all other crops.  The soybeans water elasticity with respect to water price is -0.106, indicating 
soybeans water use is not highly sensitive to water price.  This effect might be due to the mindset 
of farmers of applying a fixed amount of irrigation to assume a yield goal.  Since the THP 
receives very little precipitation, a set amount of water is planned at planting to meet crop water 
requirements for yield and quality of the product.  This expected pumping amount by crop makes 
water price a less dominant factor in water use decision.  This estimate corresponds well with 
previous studies such as Neiswiadomy (1988), where the author found the demand elasticity of 
water for grain sorghum to be -0.25.  These results suggest that water price is not a significant 
factor in water use decisions.  The water demand elasticity with respect to crop price is positive 
and significant for soybeans and insignificant for all other crops in the study.  
 
Table 5 Water Demand Elasticities with Respect to Crop and Water Price, Texas High Plains Region 
Major Field Crops, 1999-2009. 
Crop  Water demand elasticity with respect to 
 
  Crop price  Water price 
Corn                            0.413                           -0.138 
Soybeans                            0.036*  -0.106* 
Sorghum                           -0.050  0.039 
Wheat                           -0.184  0.048 
Cotton                            0.063  0.003 
*significant at five percent level   
 
Conclusion 
The Texas High Plains receives approximately 20.5 inches of precipitation per year.  In 
this region, irrigation is used as a supplement to rainfall, where the water is pumped from the 
underlying Ogallala aquifer.  Over the past two decades, acreage under irrigation in this region 
has increased considerably.  Revealed preferences of the region’s producers as represented by 
planted acreages indicate that land allocation for crop choice is more or less equally affected by 
crop and water price, whereas, water demand in the region is more sensitive to water price than 
to crop price.  The price elasticity of water in the range of -0.106 for soybeans suggest that 
farmers in the High Plains would respond very little to a policy that aims at increasing the price 
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